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Ih"'[a Energy of the electric field
Q) |

e Start with a simple example of the loading of a capacitor:
(o

Q(t)H
_ d
RD bio ﬁ(t) — %(Q(t))
L |
(=0 +L
U
d _ d d
e Power: pt) = S (W) =ull)-ilt) = ult) —(QF) = ult)  —(Cult))
At = C-ult

 Energy accumulation:

W/d dt_C/ G U?
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 For an ideal plate capacitoritis: C =« 2

O = jéﬁdﬂ':DA

U — /EdE:Ed

1 A 1
W = .. 2 E2.d=-.c.-E A.d
2 d 2 —
VolumeV

* Per volume the power density results

W 1+D+E:1+5+E2
2 2
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Ih"'[a Energy of the magnetic field
Q) |

e Voltage drop across the coils

d
U:’”ﬂ‘%(ﬁb)
 Energy supplied at each instant:
AW, = Ui.dt:n.%(gb).@.dt:n.@.dgb
¢ = [B-aA
dp = B-dA

e Ampere’s law:
Jaﬁﬁd;:wi here: 27 - R-H —n -1

AW, =2r- A -H - dB=2r-A - H. dB, since A and B are in parallel.
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 The energy density ( field energy per volume vV =2r-R- A

in the core is thus

%:dwm:HdB
%

* Energy density in a magnetic field of flux density B

b= Bmcm _}
Wm_/
 The total energy is

B:Bmam — —
/ i dB
B=0

Wi =
v

* The energy density in magnetic fields with ¢ = const. and

because of 7 -2 —const - B,1S wn= - B =1.H. ‘
H 2 -t 2 2
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e If the inductance of an arrangement is known, then
d
U = L (i
- (0)
dwp = U-i-dt=1L i di

1
W= /L+é-di:—+L+z’2

 The expressions for the energy density, which were given
for static fields, are often applied to time varying fields
as well.

 Energy density of EM fields:

— —

E.-D+-.H-B

W =

o | =
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Ia"[a Energy transmission by PWs
Q) |

* We are interested in the energy transmission by a plane

Wave: E,(z,t), Hy(z, 1)

 Consider a volume element with area A L z-axis and
with infinitely small thickness Az. We will investigate
the change of energy in this volume element.

xA

Ny

* The energy W (z,¢) in the volume:
Wt =ABe (5o Bt g H)
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e Since we are interested in the change of energy, we
differentiate wrt ¢

o . A-Az d 2 d 2
Wt = S0 ( (B 4 u aﬁHﬂ)
9 B 0
5B t) = 2-E(zt) - (E)
%, 5} %,
aY/V(:a’,t) = A-Az- (EEma(Em)‘FMHQE(Hy))
e Substitution , ;
@(Hy) = & Q(E&‘)
o 5
5 5 o 5
5 (W) = —A Az (Ew‘@(Hy)JrHy‘@(Ew)) =—A Az 2 ((BHy))
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 The rate of the change of energy in the volume 4 - Az is

for a very small Az

d

Q(W) = A Em(za t) + Hy(zv t) o E&“‘(Z + AZ’ t) ' Hy(z + AZ’ t)]

= A [S.(2,%) — S,(z + Az, )]

with Sz(za t) — Ex(za t) ' Hy('z? t)'
This can also be expressed as
S, = (E X ﬁ')

since
& &, &
(Exﬁ) — | E, 0 0
o H, 0
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* Foraplanwave g, H, the energy flow is in the +z-

direction:
€, S, = (E’mHy) €,

* By similar derivations for the remaining directions we
obtain the general expression:

Watt
m2

—

S—=FxH
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